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Functional guava mousses were prepared with inulin (I) and whey protein concentrate (WPC), in
different combinations, with the purpose of partially or totally substituting their milk fat (MF) content,
using a simplex-centroid design. In order to verify the adequacy of mousses to comply the standards for
the nutrient content and nutrient comparative claims, their composition and energy values were
compared with the food legislation adopted currently in Brazil, the European Union (E.U.), and the United
States (U.S.), besides the new proposal for the Brazilian standards. Most of the formulations, especially I,
WPC, I þ WPC, and MF þ I þ WPC, and except for MF þ WPC, were able to fulﬁl the requisites for
receiving the “low” (nutrient content) and “reduced” (comparative) claims for total and saturated fat.
Also, products with inulin could achieve the requisites for the “high” claim for dietary ﬁbre. Nonetheless,
important differences between the legislations for achieving some claims were noted, especially when
the serving portion was used as standard instead of 100 g. This would require some attention by
regulatory authorities, once the possibility of manufacturers to reduce or to increase the products’
serving portions up to achieve a claim, misunderstanding the consumer, may exist.
 2012 Elsevier Ltd.Open access under the Elsevier OA license.1. Introduction
The role that food industry plays on people’s everyday life is
undeniable, as well as the importance of diet on the prevention of
diseases and its association to health promotion. Food industry has
ampliﬁed market by providing practical foods and goods for
consumers’ convenience. The association of diet with a healthy
attitude leads to the creation of products considered not only
healthy but also with good palatability (Ares, Giménez, & Gámbaro,
2009).
Products may be developed through the substitution of
unhealthy ingredients (e.g. fat, sugar, salt, and certain additives) for
others that offer more beneﬁts, without modifying their initial
quality (Liu, Xu, & Guo, 2008). Nowadays, consumers are interested
in desserts with low fat and functional claims (Ares et al., 2009). In: þ55 11 3815 6386.
evier OA license.this context, mousse production has increased and conquered the
market of desserts, offering opportunities to explore the use of food
ingredients that combine improved technological properties and
health beneﬁts to the consumers, such as probiotics, prebiotics, and
whey proteins (Buriti, Castro, & Saad, 2010a, 2010b).
Probiotics and prebiotics are physiologically active food
components that play an important role by improving the host
health via modulation of the intestinal microbiota, stimulating the
indigenous beneﬁcial bacteria (FAO/WHO, 2006). The use of
prebiotics, such as fructooligosaccharides and inulin, is able to
reinforce the probiotic bacteria introduced in the host through food
products by stimulating their growth in the gut. The fermentation
of these prebiotics by intestinal microbiota, mainly biﬁdobacteria,
has been implicated in increased intestinal absorption of minerals,
as calcium and magnesium (Lavanda, Saad, Lobo, & Colli, 2011;
Lobo, Mancini Filho, Alvares, Cocato, & Colli, 2009). Inulin and
whey protein concentrate are food ingredients that might act as fat
replacers, improving the texture of products, besides providing
functional beneﬁts to health (Akalın, Karagözlü, & Ünal, 2008;
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concentrate and inulin as fat replacers in foods containing probiotic
bacteria may help them to retain sufﬁcient viability along the gut,
among other health beneﬁts, and also leads to desirable changes
concerning chemical composition and nutritional facts (Buriti et al.,
2010b).
In dairy mousses, milk fat contributes for the formation of the
foam structure, which turns out to be more opened with the
increased fat content. Creaminess and ﬂavour perception are
inﬂuenced by the size and amount of air bubbles in this kind of
product (Andreasen & Nielsen, 1998; Kilcast & Clegg, 2002). Both
inulin and whey protein concentrate present excellent properties
as emulsiﬁer and texture agents, improving emulsiﬁcation and
foam formation in aerated products even when concentration of
milk fat is reduced (Buriti et al., 2010a, 2010b).
For a ﬁnal commercialization of a reduced-fat dairy dessert,
these new nutritional features could be explored, mainly regarding
advantageous changes in the fat proﬁle and increments in protein
and dietary ﬁbre contents, besides the potential nutrition claims.
Occasionally, food legislation regarding labelling and allowed
claims may differ depending on the country inwhich food products
are commercialized and these regulatory standards must be
rigorously obeyed for international trade purposes. The Brazilian
standards for the absolute and comparative nutrient content claims
(Brasil, 1998) are being presently updated and changes will also be
implemented by the state members of the Southern Common
Market (MERCOSUR). Some of the proposed changes are: the
inclusion of the claims presentation considering the serving
portion for ready-to-eat products rather than per 100 g or 100 ml;
and new standards for claims related to fat, protein, and dietary
ﬁbre composition of food (ANVISA, 2011). Therefore, it is desirable
to know the extent of such changes in comparison with the food
legislations of other countries.
The objectives of this study were: to investigate the effects of
the substitution of milk fat by inulin and whey protein concentrate
on the chemical composition of different functional guava mousse
trials, manufactured with the addition of the probiotic strain
Lactobacillus acidophilus La-5 and the prebiotic ﬁbre oligofructose;
to evaluate the consequences of these substitutions on nutritional
status of the resulting products; and to know how such changes
imply in fulﬁlling the requisites for receiving some nutrition claims
according to different regulatory standards.
2. Materials and methods
2.1. Experimental design and guava mousse manufacture
Themanufacturing process of guava mousses followed the same
procedures already described in previous studies (Buriti et al.,
2010a, 2010b). Seven distinct pilot-scale guava mousse-making
trials were prepared according to Table 1, using a simplex-centroid
design, changing the proportions of milk fat from milk cream (x1),Table 1
Simplex-centroid experimental design employed for mousses production.
Trials Proportion of each ingredient
in the mixture (x1, x2, x3)
Amou
Milk f
MF e control (1, 0, 0) 4
I (0, 1, 0) 0
WPC (0, 0, 1) 0
MFeI (½,½, 0) 2
MFeWPC (½, 0, ½) 2
IeWPC (0, ½, ½) 0
MFeIeWPC (1/3 , 1/3 , 1/3 ) 1.33inulin (x2), and whey protein concentrate (x3). All trials were per-
formed using L. acidophilus (strain La-5, Christian Hansen,
Hørsholm, Denmark) as probiotic culture plus the prebiotic ﬁbre
oligofructose (FOS) (Beneo P95, Orafti, Oreye, Belgium). The
proportion of 6 g/100 g FOS in all trials was chosen according to
amounts of fructans considered effective to supply prebiotic
beneﬁts (Kolida & Gibson, 2008). The complete list of ingredients
used for the production of mousses and total solids provided by the
sum of all components are described in Table 2.
All guava mousses were produced in amounts to obtain 4 kg of
the ﬁnal product with commercial skimmed milk (Paulista, Divisão
de Beneﬁciamento da Danone, Guaratinguetá, Brazil, ultra high
temperature [UHT]), skimmed powdered milk (Molico, Nestlé,
Araçatuba, Brazil), sucrose (União, Coopersucar-União, Limeira,
Brazil), pasteurised and frozen guava pulp (Icefruit-Maisa, Icefruit
Comércio de Alimentos, Tatuí, Brazil), lactic acid (85 g/100 g food-
grade solution, Purac Sínteses, Rio de Janeiro, Brazil), and emulsi-
ﬁer (Cremodan Mousse 30-B, Danisco, Cotia, Brazil).
For mousse production, skimmed powderedmilk, prebiotic FOS,
and whey protein concentrate (for mousses WPC, MFeWPC,
IeWPC, and MFeIeWPC) were previously incorporated in the
skimmed milk one day before the production, to dissolve these
powdered ingredients completely, and kept under refrigeration
(4 C) until the mixturewith the further ingredients. One portion of
40 ml of this pre-mixture was sterilized and employed, in the next
day, for the fermentation of the probiotic culture during 150 min at
37 C.
Meanwhile, the further ingredients were mixed until complete
homogenization and heated for approximately 10 min to achieve
85 C (Universal Mixer Machine, model UMM/SK-12 pilot-scale,
12 kg capacity, Geiger, Pinhais, Brazil). The temperature was then
reduced to 40 C for the addition of enriched milk previously fer-
mented with the L. acidophilus culture. After that, another process
of cooling took place (10e15 C) and the mixture was then
submitted to over run in a planetary electric mixer (Irmãos Amadio
Ltda., São Paulo, Brazil). In this process, the mass achieved a volume
of about 80e85% of its initial volume. Mousse was transferred to
a manual packing machine (Intelimaq Model IQ81-A, Intelimaq
Máquinas Inteligentes, São Paulo, Brazil) and packaged in indi-
vidual polypropylene plastic pots (68 mm of diameter, 32 mm of
height, 55 ml of total volume, Tries Aditivos Plásticos, São Paulo,
Brazil), each one containing 25 g of mousse, sealed with metallic
cover, and stored under refrigeration (4 1 C). Fig. 1 illustrates the
main steps involved in mousse production.
2.2. Chemical composition analysis and caloric value
Solid contents of all mousse trials studiedwere determined after
one day of storage at 4  1 C on triplicate samples. Ash, mineral
elements (Ca, Mg, Fe, Cu, and Zn), total fat, fatty acid (FA) compo-
sition, protein, and dietary ﬁbre other than fructans (DFotf) contents
for all trials were determined on freeze-dried (freeze dryernts of each ingredient (g) in 100 g of mousse









Ingredients used for the production of mousses, according to the experimental design described in Table 1.
Ingredients (g/100 g) Mousses
MF I WPC MFeI MFeWPC IeWPC MFeIeWPC
Skimmed milka 47.25 59.25 59.25 53.25 53.25 59.25 55.25
Sterilized milk cream (25 g fat/100 g)b 16.0 0 0 8.0 8.0 0 5.33
Inulinc 0 4.0 0 2.0 0 2.0 1.33
WPCd 0 0 4.0 0 2.0 2.0 1.33
FOSe 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Skimmed powdered milkf 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Pasteurised and frozen guava pulpg 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Sucroseh 11.0 11.0 11.0 11.0 11.0 11.0 11.0
Emulsiﬁer/stabilizeri 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Lactic acidj 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Lactobacillus acidophilusl 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
a Paulista (Divisão de Beneﬁciamento da Danone, Guaratinguetá, Brazil, ultra high temperature [UHT]).
b Nestlé (Nestlé, Araçatuba, Brazil).
c Beneo HP-Gel (Orafti Oreye, Belgium).
d WPC 80 (Kienast & Kratschmer, Santo André, Brazil).
e Beneo P95 (Orafti).
f Molico (Nestlé).
g Icefruit-Maisa (Icefruit Comércio de Alimentos, Tatuí, Brazil).
h União (Coopersucar-União, Limeira, Brazil).
i Cremodan Mousse 30-B (Danisco, Cotia, Brazil).
j Purac (Purac Sínteses, Rio de Janeiro, Brazil; 85 g/100 g food-grade solution).
l Strain La-5 (Christian Hansen, Hørsholm, Denmark).
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grated triplicate samples.
Total solids were determined from 5 g samples by oven drying at
70 C under vacuum (Nova Ética 440/D, Vargem Grande Paulista,
Brazil) (Instituto Adolfo Lutz, 2005).
Ash was determined gravimetrically by heating the 2 g freeze-









Cooling (10 -15 C) and over run°
Addition of probiotic culture
Cooling (40 C)°
Refrigerated storage (4 C)°
Thermal treatment (85 C)°
Fig. 1. Main steps employed for the production of mousses.mod. 1207, Forlabo, São Paulo, Brazil) for 5 up to 6 h (Instituto
Adolfo Lutz, 2005).
Concentrations of the minerals Ca, Mg, Fe, Cu, and Zn were
determined by atomic absorption spectrophotometry (AAS;
AAnalyst 100, Perkin Elmer Inc., Shelton, CT, USA), employing
a hollow cathode lamp at 422.7, 202.6, 248.3, 324.8, and 213.9 nm,
respectively, and slits of 0.7, 1.3, 0.2, 1.3, and 1.3 nm, respectively,
after wet digestion (HNO3:H2O2, 5:1; ml:ml) and addition of 0.1 g/
100 ml lanthanum as La2O3 (for Ca and Mg analyses), as described
previously in another study (Lobo et al., 2009). The working stan-
dard solutions were prepared by diluting CaCl2, MgCl2, FeCl3, CuCl2,
and ZnCl2 (Titrisol, Merck, Darmstadt, Germany).
Total fat content was determined by the Folch method (Christie,
1982) and the FA composition was determined by gas chromatog-
raphy, according to AOCS Ofﬁcial Method Ce 1-62 (AOCS, 1998).
Fatty acid compositionwas determined after conversion of FAs into
their corresponding methyl esters (Hartman & Lago, 1973). Anal-
yses of FAmethyl esters (FAME) were performed on a Varian GC gas
chromatograph (model 3400CX, Varian Ind. Com Ltda., São Paulo,
Brazil) equipped with split-injection port, ﬂame-ionization
detector, Star Chromatography Workstation (version 5.5, Varian
Inc., Palo Alto, CA, USA) and a 30 m fused silica capillary column
(ID¼ 0.25 mm) coated with 0.25 mm of CP-Wax 52CB (Chrompack,
Minnesota, MN, USA). Helium carrier gas ﬂow was 1.5 ml/min at
a split ratio of 1:50. Injector temperature was 250 C. Detector
temperature was 280 C. The oven temperature was set initially at
75 C for 3 min, and then programmed at 37.5 C/min to 150 C and
at 3 C/min to 215 C. After drawing up some air into the ﬁlled
syringe (sample volume 1 ml) and inserting the needle into the
heated injector, samples were injected manually after a dwell-time
of 2 s. Qualitative FA composition was determined by comparing
the retention times of the peaks with the respective FA standards.
Quantitative compositionwas accomplished by area normalization.
The proportion of each individual FA (FAi) in thewhole samples was














T.R. Komatsu et al. / LWT - Food Science and Technology 50 (2013) 755e765758where FAMEi is the percentage of each individual FAME (g/100 g
total FAME), FAiMW and FAMEiMW are the corresponding FA and
FAME individual molecular weights, FAT is the percentage of total
fat in samples (g/100 g) and 0.933 is the coefﬁcient for the mean FA
proportion in total milk fat described by Glasser, Doreau, Ferlay, and
Chilliard (2007).
Protein was analyzed by measuring the nitrogen content of
mousses through the micro Kjeldahl method and multiplying by
a conversion factor (6.38), according to the AOAC ofﬁcial methods
690.52 and 991.20 (AOAC, 2003).
Dietary ﬁbre other than fructans (DFotf) estimates were adapted
fromAOACmethod 985.29 for total dietary ﬁbre (TDF) (Prosky et al.,
1985). The modiﬁcation lies in an additional enzymatic treatment
of mousse samples with a puriﬁed fructanase mixture E-FRMXLQ
(2000 units exo-inulinase and 200 units endo-inulinase per ml,
Megazyme, Bray County, Ireland, 1 ml/g fructan, 60 C, 30 min) for
the complete hydrolysis of fructans, once these types of dietary
ﬁbres are not totally quantiﬁed through the original method, which
leads to an underestimate of the real content of TDF. This analysis
was carried out on duplicate samples. The fructan content of
samples was estimated based on the fructan present in whole
Beneo P95 and Beneo HP-Gel batches used for the addition in the
mousse trials, 95.2 g/100 g and 98.5 g/100 g, respectively (data
given by Orafti). The DFotf plus the fructan values from those
ingredients were used to estimate the TDF content of samples.
Available carbohydrate content (carbohydrate excluding TDF),
was obtained by difference in order to achieve 100 g/100 g of total
composition (FAO, 2003).
Total energy value from each mousse formulation was obtained
from energy equivalents for available carbohydrate, fat, and protein,
4 kcal/g, 9 kcal/g, and 4 kcal/g, respectively (FAO, 2003), and mean
energy from inulin and FOS (1.5 kcal/g) (Roberfroid, 1999). Data
were presented in kcal/100 g mousse.
2.3. Allowed nutrition claims
The data obtained for macronutrients and energy value for
different mousse trials were compared with the current Brazilian
legislation (ANVISA, 2003a, 2003b, 2005; Brasil, 1998) and their
changes under updating (ANVISA, 2011), as well as the regulatory
standards for nutrition labelling and claims in the European Union
(E.U.) and the United States (U.S.) (EC, 2007; US CFR, 2010a, 2010b,
2010c, 2010d, 2010e, 2010f). The control mousse MF was used as
the standard formulation whenever a reference product was
required for comparisons.
2.4. Statistical analysis
Statistical analysis was performed for total solids, fat, protein,
DFotf, mineral elements, and FA composition data. Homogeneity of
variance among samples was analyzed using Cochran and Bartlett
tests (P< 0.05). Samples with homogenous variance were analyzed
using one-way analysis of variance (ANOVA) followed by Tukey
post-hoc test in order to identify contrasts among samples
(P < 0.05). The equivalent non-parametric tests were applied when
a non-homogeneous variance was observed (P < 0.05).
3. Results and discussion
3.1. Chemical composition
The chemical composition of mousses is shown in Table 3.
Although solid content of mousses was very close, about 36 g/100 g,
signiﬁcant difference was observed (P < 0.05), which might beexpected for this kind of product, due to some variations during
manufacture (proportion of evaporated water during pasteuriza-
tion, for e.g.). Mousses I and MFeWPC showed minimum and
maximum solid content, respectively.
Ash content was less than 1 g/100 g for all mousses studied and
even though there were only slight variations among samples,
statistical differences were observed (P < 0.05). Control mousse
(MF) and WPC showed minimum and maximum ash content,
respectively. Whey protein concentrate seems to have slightly
contributed for increased ash content in mousses MFeWPC,
IeWPC, and MFeIeWPC, in which fat was partially substituted
by this ingredient. Major contribution to ash content may be
attributed to the milk-derived ingredients in all mousse
formulations.
Within the mineral elements analyzed, Ca was found in higher
levels, followed by Mg, in particular for mousses I and WPC. Lower
content was found for Cu, followed by Zn and Fe. Signiﬁcant
differences observed between samples for mineral elements
(P < 0.05) did not clearly evidence that such changes could be
attributed to the different combination of ingredients used in
mousse formulations. Nonetheless, these results were expected,
considering a milk-based product, especially regarding the Ca, Mg,
and Zn amounts. The Institute of Medicine (IOM) recommends
1000 mg Ca per day for adult males and females between 19 and 50
years old (IOM, 2011). For Mg, the same institution recommends
420 mg and 320 mg per day, respectively, for adult males and
females 31 years or older (IOM, 2001). Considering a serving
portion of ½ cup (120 g), the mousses studied would contribute
with at least 12% of the requirements of Ca, and 4% and 5% of the
requirements of Mg for males and females, respectively. This
serving portion also would supply at least 4% and 6% of the
requirements of Zn for adult males 14 years or older (11mg per day)
and females 19 year or older (8 mg per day), respectively (IOM,
2001).
Regarding protein content, analytical results are in agreement
to inherent protein content from milk components, ranging from
4.40 g/100 g (mousse MFeI) to 7.97 g/100 g (mousse WPC). As
expected, signiﬁcant difference (P < 0.05) observed for this
nutrient derived from the addition of whey protein concentrate in
samples WPC, MFeWPC, IeWPC, and MFeIeWPC, in different
proportions.
The DFotf content was very similar for the different mousses,
without signiﬁcant differences (P < 0.05), as expected, once the
guava pulp (the main source of DFotf) was added in the same
proportion for all trials (12.5 g/100 g). Regarding the fructan
content, FOSwas added in the same proportion for all mousses (6 g/
100 g) and inulin was present in samples I, MFeI, IeWPC and
MFeIeWPC. Considering the lack of ability of probiotic cultures,
particularly of lactobacilli, to ferment fructans during refrigerated
storage, as observed in previous studies with milk-based products
(Buriti, Cardarelli, Filisetti, & Saad, 2007; Cardarelli, Buriti, Castro, &
Saad, 2008), the information given by the supplier for the compo-
sition of the ingredients oligofructose and inulin used in the
manufacturing process was taken to estimate the fructan content of
mousses in the present study. This content ranged from 5.71 g/
100 g (for MF, WPC, MFeWPC) up to 9.63 g/100 g (for mousse I).
For total fat content, samples showed signiﬁcant differences
(P < 0.05) following the changes concerning the ingredients added
(Table 2). A higher fat recovery by Folch method was obtained for
mousse MF (4.63 g/100 g). Samples I, WPC, and IeWPC showed
lower means, 0.798 g/100 g,1.38 g/100 g, and 0.839 g/100 g for total
fat, respectively. Beside the milk fat added, the residual fat content
present in the ingredients skimmed milk, emulsiﬁer, and whey
protein concentrate probably also contributed for the total fat
content present in the mousses studied.
Table 3
Chemical composition (mean  standard deviation) in 100 g of whole mousses (see Table 1 for description of mousse trials).
Mousses
MFa Ib WPCc MFeI MFeWPC IeWPC MFeIeWPC
Total solids (g/100 g) 36.58  0.37AB 35.58  0.02C 35.98  0.29B 36.17  0.10B 36.75  0.03A 35.97  0.39BC 36.56  0.35AB
Fat (g/100 g) 4.63  0.39A 0.798  0.058E 1.38  0.39D 2.52  0.18C 3.34  0.01B 0.839  0.165E 1.47  0.13D
Protein (g/100 g) 4.78  0.09E 4.48  0.12EF 7.97  0.12A 4.40  0.02F 6.62  0.03B 6.23  0,21C 5,69  0,11D
DFotfd (g/100 g) 0.184  0.006A 0.204  0.007A 0.193  0.018A 0.188  0.018A 0.171  0.020A 0.209  0.010A 0.189  0.013A
Fructane (g/100 g) 5.71 9.63 5.71 7.67 5.71 7.67 7.02
TDFf (g/100 g) 5.90  0.01D 9.84  0.01A 5.91  0.02D 7.86  0.02B 5.88  0.02D 7.88  0.01B 7.20  0.01C
Available carbohydrateg (g/100 g) 20.45  0.52A 19.63  0.16B 19.77  0.54B 20.55  0.30AB 20.00  0.06B 20.12  0.33B 21.30  0.29A
Ash (g/100 g) 0.825  0.003D 0.838  0.005CD 0.956  0.001A 0.844  0.009C 0.900  0.003B 0.901  0.010B 0.891  0.002B
Ca (mg/ g) 1.38  0.01BC 1.64  0.03A 1.61  0.05A 1.32  0.02C 1.04  0.03D 1.43  0.04B 1.40  0.04BC
Mg (mg/g) 0.138  0.002C 0.172  0.009AB 0.181  0.001A 0.154  0.009BC 0.143  0.004C 0.171  0.007AB 0.169  0.011AB
Cu (mg/g) LDC h 0.488  0.004B 4.888  0.009B LDC 0.506  0.002B LDC 0.998  0.016A
Fe (mg/g) 10.29  0.84A 5.22  0.37C 3.80  0.34D 4.36  0.03CD 5.67  0.41C 4.59  0.41CD 8.52  0.56B
Zn (mg/g) 4.87  0.13B 4.22  0.06C 4.84  0.15B 4.43  0.08C 6.38  0.07A 4.84  0.07B 5.03  0.09B
A,BDifferent capital letters indicate signiﬁcant differences (P < 0.05) between mousse trials.
a MF ¼ milk fat.
b I ¼ Inulin.
c WPC ¼ whey protein concentrate.
d DFotf ¼ dietary ﬁbre other than fructan measured through a modiﬁed version of AOAC method 985.29.
e Estimates based on information given by the supplier (Orafti) for the fructan ingredients (Beneo P95 and Beneo HP-Gel) used in the present study.
f Estimates for TDF (total dietary ﬁbre) ¼ DF other than fructans þ known amount of fructan ingredients added.
g Estimates for available carbohydrate (excluding TDF) obtained by difference to achieve 100 g/100 g of total solids.
h LD ¼ lower than the limit of detection of the method.
T.R. Komatsu et al. / LWT - Food Science and Technology 50 (2013) 755e765 759Available carbohydrate content (excluding TDF) was near 20 g/
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3.2. Fatty acid composition
The proportions of all FAs found in mousse trials are presented
in Table 4. Milk fat is mainly composed by palmitic (C16:0), oleic
(C18:1), myristic (C14:0), and stearic (C18:0) FAs (Rodrigues, Torres,
Mancini Filho, & Gioielli, 2007), which were the most prevailing
ones in the mousses studied. Usually, palmitic acid content is found
in higher proportions considering milk and milk-derived products
(Rodrigues & Gioielli, 2003). The proportion of palmitic acid in
mousses MF, MFeI, MFeWPC, and MeIeWPC ranged from 29 to
33 g/100 g of total FA (data not shown), which is in accordance with
the proportion of this FA in milk fat reported by Jensen (2002),
Rodrigues and Gioielli (2003), and Rodrigues et al. (2007). For
mousse MF, the proportions of myristic, stearic, and oleic acids
(15.43 g/100 g, 16.68 g/100 g, and 18.50 g/100 g of total FA,
respectively e data not shown) were more close to those found inTable 4
Distribution of fatty acid (FA) content (mean  standard deviation) in whole mousses (g
Fatty acid (g/100 g) Mousses
MF I WPC M
4:0 0.000Ac 0.000Ab 0.000Ab 0
6:0 0.000Ac 0.000Ab 0.000Ab 0
8:0 0.000Ac 0.000Ab 0.000Ab 0
10:0 0.191  0.120Ac 0.004  0.003Bab 0.035  0.011ABab 0
12:0 0.243  0.118Ac 0.011  0.003Bab 0.045  0.006ABab 0
14:0 0.666  0.163Ab 0.042  0.017Bab 0.121  0.011ABab 0
16:0 1.45  0.06Aa 0.174  0.030Eab 0.336  0.011Dab 0
16:1 0.071  0.006Ac 0.007  0.007Bab 0.000Bb 0
18:0 0.720  0.196Ab 0.428  0.046Ba 0.557  0.042ABa 0
18:1 0.798  0.180Ab 0.062  0.004Bab 0.147  0.002ABab 0
18:1 trans 0.091  0.031Ac 0.007  0.001Bab 0.019  0.002ABab 0
18:2 0.081  0.014Ac 0.010  0.001Bab 0.027  0.003ABab 0
18:3 0.000Ac 0.002  0.003Aab 0.000Ab 0
Total SFA 3.27  0.22A 0.659  0.010B 1.09  0.00AB 1
Total cis-UFA 0.951  0.192A 0.080  0.010B 0.174  0.005AB 0
MF ¼ milk fat; I ¼ inulin; WPC ¼ whey protein concentrate; SFA ¼ saturated fatty acids
A,BDifferent capital letters in the same row indicate signiﬁcant differences (P < 0.05) am
a,bLower case letters in the same column indicate signiﬁcant differences (P < 0.05) amonmilk fat by these authors than to the other mousse formulations
here described. The amounts of these individual FA (g/100 g total
FA) differed from those found in milk fat to the extent that this
ingredient was reduced in the products studied (data not shown).
In samples without the addition of milk cream (I, WPC, and
IeWPC), stearic acid content was signiﬁcantly higher (P < 0.05),
which was attributed to the presence of an emulsiﬁer (Cremodan
Mousse 30-B). FA composition analysis was conducted for this
ingredient separately and it presented 14 g of palmitic acid and 86 g
of stearic acid per 100 g total FA (data not shown).
Milk fat is the only animal-derived fat that presents a signiﬁcant
content of short-chain FA (SCFA), such as butyric (C4:0) and caproic
acids (C6:0) (Vera, Aguilar, & Lira, 2009). In the present study,
butyric and caproic acids were only detected in mousse MFeI, but
these FA were probably present in the other trials, although they
were not recovered through the method employed. Rodrigues et al.
(2007) was also not able to recover SCFA through the Hartman and
Lago method and attributed these results to the high volatility and
high temperatures used for this analysis./100 g ﬁnal product) (see Table 1 for description of mousse trials).
FeI MFeWPC IeWPC MFeIeWPC
.015  0.026Aab 0.000Af 0.000Ab 0.000Ac
.015  0.025Aab 0.000Af 0.000Ab 0.000Ac
.051  0.014Aab 0.038  0.034Af 0.000Ab 0.000Ac
.137  0.025ABab 0.145  0.057ABde 0.007  0.009Bab 0.025  0.043ABc
.139  0.013ABab 0.184  0.031Ad 0.024  0.008ABab 0.080  0.029ABc
.332  0.016ABab 0.471  0.050Ac 0.081  0.013ABab 0.227  0.061ABb
.690  0.044Cab 0.952  0.038Ba 0.202  0.020Eab 0.420  0.038Da
.024  0.021Bab 0.015  0.026Bf 0.028  0.007Bab 0.012  0.021Bc
.533  0.066ABa 0.702  0.058Ab 0.376  0.036Ba 0.365  0.073Ba
.338  0.079ABab 0.491  0.032ABc 0.051  0.045Bab 0.216  0.041ABb
.042  0.010ABab 0.066  0.012ABef 0.007  0.006ABab 0.020  0.017ABc
.035  0.002ABab 0.053  0.006ABef 0.007  0.007Bab 0.006  0.011Bc
.000Ab 0.000Af 0.000Ab 0.000Ac
.91  0.11AB 2.49  0.06AB 0.690  0.054B 1.12  0.05AB
.398  0.099AB 0.558  0.047AB 0.087  0.048B 0.234  0.038AB
; cis-UFA ¼ cis-unsaturated fatty acids.
ong mousse trials considering the same FA.
g different FA in a same mousse trial.
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the FA composition of mousses (Table 4). According to Willet and
Mozaffarian (2008), small amounts of trans-FA can be found in
milk: the ruminal microbiota is able to biohydrogenate the rela-
tively small amounts of polyunsaturated FA (PUFA) present in
ruminant feed to form trans-FA isomers, particularly the vaccenic
acid (18:1 trans-11 isomer); when incorporated into milk fat, the
ruminant sources of trans-FA typically constitute <5 g/100 g of the
total FA.
3.3. Nutrition facts and claims
In order to comply the legislation for nutrient content claims
currently adopted in Brazil (Brasil, 1998), their standards proposed
to be updated (ANVISA, 2011), and the regulatory standards
adopted by the E.U. and the U.S. (EC, 2007; US CFR, 2010a, 2010b,
2010c, 2010d, 2010e, 2010f), this study analyzed all trials
regarding their absolute energy, fat, protein, and TDF content.
Moreover, the nutrient content, as well as the total energy value
from mousses produced with the substitution of milk fat were
compared with control mousse MF, used as reference, considering
the standards for comparative nutrient claims (Brasil, 1998; EC,
2007; US CFR, 2010a, 2010b, 2010c, 2010d, 2010e, 2010f). The
current Brazilian legislation for claims regarding the absolute
content of energy, fat, and protein follows the same standards from
Codex Alimentarius (2010) considering 100 g of food product
(Brasil, 1998). These standards are also adopted for the absolute
energy and fat content by the E.U. (EC, 2007). Nonetheless, some
discussions with reference to the standards for dietary ﬁbre
occurred since the Codex Alimentarius Commission adopted the
deﬁnition for this nutrient. According to this deﬁnition, dietary
ﬁbre includes three categories of edible carbohydrate polymers
with ten or more degrees of polymerization (DP) non-hydrolyzed
by the human endogenous enzymes in the small intestine. The
Codex Alimentarius Commission left to the national authorities the
decision on whether also to consider the carbohydrates with 3e9
monomeric units (Codex Alimentarius, 2009). As reported by
Howlett et al. (2010), the scientiﬁc community agrees in main-
taining the inclusion of non-digestible carbohydrates with DP in
the range of 3e9 as dietary ﬁbre based on their substantiated
beneﬁcial physiological effects. These short-chain carbohydrates
are included in the deﬁnitions of dietary ﬁbre currently adopted in
Brazil and the E.U. (ANVISA, 2003b; EC, 2008). On the other hand,
the possibility of changing or maintaining this item in the resolu-
tion proposed to be adopted in Brazil is not mentioned (ANVISA,
2011). According to Turner and Lupton (2011), the U.S. Food and
Drug Administration has not yet adopted a deﬁnition for dietary
ﬁbre and has not stated whether it will include carbohydrates with
DP from 3 to 9. According to this information, the present study
considered the short and long-chain fructans given by Beneo P95Table 5
Energy from macronutrients in 100 g of whole mousse (see Table 1 for description of m
Mousses
MFa Ib WPCc
Available carbohydrate (kcal) 81.82  2.08AB 78.52  0.64B 79.06  2.16
Protein (kcal) 19.11  0.35E 17.94  0.48EF 31.90  0.50
Total fat (kcal) 41.63  3.53A 7.18  0.52E 12.43  3.55
Saturated FA (kcal) 29.46  2.01A 5.93  0.09E 9.85  0.03D
Trans-FA (kcal) 0.823  0.281A 0.067  0.009D 0.172  0.02
Fructan (kcal) 8.57 14.45 8.57
Total energy value (kcal) 151.12  1.78A 118.08  0.33E 131.96  1.8
a MF ¼ milk fat.
b I ¼ inulin.
c WPC ¼ whey protein concentrate.
A,B Different capital letters indicate signiﬁcant differences (P < 0.05) between mousse trand Beneo HP-Gel ingredients, respectively, for the estimates of
TDF and energy of mousses studied, as well as the evaluation of
allowed nutrition claims according to the legislations consulted.
The energy from macronutrients for the mousses studied is
presented in Table 5. The energy value of mousses ranged from
118.08 kcal/100 g (mousse I) up to 151.12 kcal/100 g (control MF).
The nutritional differences of modiﬁed mousses in comparison
with the control mousse MF are described in Table 6. Mousse I, with
4 g/100 g of inulin, showed a more pronounced reduction in total
energy (21.86% less) comparing to control mousse MF and other
mousses without the addition of milk cream (WPC and IeWPC).
The protein present in whey protein concentrate added in these
later mousses provides more energy (4 kcal/g) than inulin (1.5 kcal/
g), in the same proportion. Mousse IeWPCwas the second in terms
of reduction in energy value, with 17.65% when compared to
control MF. Mousses WPC, MFeI and MFeIeWPC showed inter-
mediate reduction in energy value, respectively, 12.68%, 11.35%, and
12.83%. The energy value of mousse MFeWPC reduced less
compared to the control (3.95%), due to the lower reduction in fat
content (Table 3).
Considering their absolute energy content, none of these prod-
ucts could be termed “low energy” or “low calorie” according to the
Brazilian, E.U., and U.S. legislations and the standards planned to be
adopted in Brazil (Table 7), once they presented an energy value
above 40 kcal/100 g (Brasil, 1998; EC, 2007) or more than 40 kcal
per reference amount customarily consumed (RACC) or serving
portion per eating occasion (ANVISA, 2011; US CFR, 2010e).
According to the Brazilian and the U.S. standards, the serving
portion or RACC for individually packaged desserts is ½ cup
(ANVISA, 2003a; US CFR, 2010b), which gives 120 g of product if
milk-derived desserts are considered (ANVISA, 2003a). In this way,
the limits imposed by such regulatory standards for the “low
energy” claim behave quite similar for this kind of product.
Considering the comparative information for energy content,
the claim “energy-reduced”, “light” or “lite” may be applied for
products commercialized in Brazilian only if there is a reduction of
40 kcal per 100 g in the modiﬁed version of the solid or semi-solid
food with the substitution of one or more ingredients, when
compared to the original product (Brasil, 1998). For such a claim in
the E.U., the energy value shall be reduced by at least 30% (EC,
2007), which are planned to be the same requirement to be
adopted in Brazil (ANVISA, 2011). In the present study, this term
could not be applied for energy according to the current and
planned Brazilian standards, and the E.U. legislation (Table 7), once
modiﬁed mousses did not attend the requisites when compared to
control MF (Table 6). According to the U.S. legislation, “Light” or
“Lite” might be applied in two situations: (1) if more than 50% of
energy of a food product comes from fat and fat is reduced at least
50% compared to an appropriate food reference; or (2) if less than
50% of energy of a food product comes from fat and energy isousse trials).
MFeI MFeWPC IeWPC MFeIeWPC
B 82.20  1.20AB 80.01  0.25B 80.47  1.32BC 85.21  1.15A
A 17.59  0.07F 26.46  0.10B 24.92  0.85C 22.76  0.44D
D 22.66  1.64C 30.10  0.09B 7.55  1.48E 13.23  1.20D
17.20  0.98C 22.43  0.52B 6.21  0.49E 10.06  0.49D
1C 0.378  0.092B 0.592  0.104A 0.061  0.053D 0.179  0.156D
11.51 8.57 11.51 10.52
8C 133.96  0.46C 145.15  0.14B 124.45  2.19D 131.73  1.80C
ials.
Table 6
Nutritional differences of mousses in comparison with control sample MFa (see Table 1 for description of mousse trials). Data considering 100 g of product and the serving
portion of ½ cup (120 g).
Modiﬁed mousses
Comparison with MF (control) Ib WPCc MFeI MFeWPC IeWPC MFeIeWPC
Difference of energy (kcal)
By 100 g 33.04  1.86A 19.16  3.39C 17.16  1.97C 5.97  1.52D 26.67  3.25B 19.39  0.31C
By serving portion (½ cup ¼ 120 g) 39.65  2.23A 23.00  4.07C 20.59  2.36C 7.17  1.82D 32.01  3.90B 23.27  0.37C
Reduction of energy (%) 21.86  1.00A 12.68  2.11C 11.35  1.18C 3.95  0.96D 17.65  2.01B 12.83  0.31C
Difference of fat content (g)
By 100 g 3.83  0.43A 3.24  0.63AB 2.11  0.57BC 1.28  0.40C 3.79  0.53A 3.15  0.29AB
By serving portion (½ cup ¼ 120 g) 4.59  0.52A 3.89  0.76AB 2.53  0.69BC 1.54  0.48C 4.54  0.63A 3.79  0.35AB
Reduction of fat (%) 82.76  2.33A 70.19  9.62A 45.570  8.25B 27.86  6.05C 81.88  4.64A 68.25  1.79A
Difference of SFA content (g)
By 100 g 2.61  0.23A 2.18  0.22A 1.36  0.33B 0.78  0.17B 2.58  0.27A 2.16  0.23A
By serving portion (½ cup ¼ 120 g) 3.14  0.28A 2.61  0.26A 1.63  0.39B 0.94  0.20B 3.10  0.33A 2.59  0.27A
Reduction of SFA (%) 79.87  1.73A 66.55  2.24B 41.59  7.48C 23.85  3.71D 78.93  3.13A 65.86  2.77B
Addition of protein content (g)
By 100 g 0.29  0.19D 3.20  0.19A 0.38  0.10D 1.84  0.07B 1.45  0.22B 0.91  0.19C
By serving portion (½ cup ¼ 120 g) 0.35  0.23D 3.84  0.22A 0.45  0.12D 2.21  0.09B 1.74  0.27B 1.10  0.23C
Increase of protein content (%) 6.12  4.56D 66.94  4.98A 7.93  1.85D 38.51  2.21B 30.43  4.83B 19.14  4.29C
Addition of TDF content (g)
By 100 g 3.94  0.01A 0.01  0.02D 1.96  0.02B 0.01  0.01D 1.98  0.01B 1.31  0.02C
By serving portion (½ cup ¼ 120 g) 4.72  0.01A 0.01  0.02D 2.36  0.02B 0.01  0.02D 2.38  0.01B 1.57  0.02C
Increase of TDF content (%) 66.82  0.13A 0.15  0.34D 33.31  0.37B 0.21  0.25D 33.66  0.13B 22.18  0.27C
a MF ¼ milk fat.
b I ¼ inulin.
c WPC ¼ whey protein concentrate.
A,B Different capital letters indicate signiﬁcant differences (P < 0.05) between mousse trials.
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RACC compared to a food reference (US CFR, 2010d). Considering
the item number 2 (foods with less than 50% of their energy derived
from fat) and the total fat content (reduction of fat higher than 50%
compared to the original product), mousses I, WPC, IeWPC, and
MFeIeWPC could receive the “light” claim according to the U.S.
legislation (Tables 5e7). In this case, this U.S. standard works with
a different concept of energy reduction that seems to be more
ﬂexible, allowing a “light” claim to the products that are not able to
attend this requisite according other standards.
“Low-fat” claim may be used in Brazil and in the E.U. for the
absolute content of fat when any solid or semi-solid food presents
a maximum content of 3 g of fat/100 g (Brasil, 1998; EC, 2007).
According to the U.S. legislation and that under planning to be
adopted in Brazil, the claim “low fat” considers an absolute fat
content of 3 g or less per RACC per eating occasion (½ cup) for
a milk dessert product (ANVISA, 2011; US CFR, 2010f). In Brazil,
currently, when themodiﬁed version of a solid or semi-solid food is
compared to its standard version in terms of fat, the claim “reduced
fat” is allowed when a minimum reduction of 25% of fat and
a difference above 3 g of fat/100 g is found between them (Brasil,
1998). In the U.S., the comparative claim “reduced” might be
applied for fat content if the modiﬁed version of food presents at
least 25% less fat than its original version (US CFR, 2010f), while in
the E.U. this reduction shall be higher than 30% (EC, 2007). In Brazil,
the changes in the standards regarding the comparative informa-
tion for total fat are planned to require a reduction of at least 30% in
this nutrient content and the reference product is not able to fulﬁl
the requisites for a “low-fat” product (ANVISA, 2011).
With the exception of mousses MF (control) and MFeWPC, all
other products presented less than 3 g/100 g (Table 3) and could
hold the “low-fat” claim according to the Brazilian and the E.U.
legislations (Brasil, 1998; EC, 2007) (Table 7). In comparison with
the U.S. legislation and that under planning to be adopted in Brazil
(ANVISA, 2011; US CFR, 2010f), considering the serving portion of ½
cup as 120 g, I, as well as WPC, IeWPC, and MFeIeWPC, achieve
less than 3 g fat per serving and could receive this “low-fat” claim(Table 7). For this kind of product, the upper level of fat in 3 g and
the serving portion of 120 g made these standards more restrictive
for achieving the “low-fat” claim. In terms of comparative infor-
mation in relation to control MF, mousses I, WPC, IeWPC, and
MFeIeWPC ﬁlled all requisites to receive the “reduced” claim for
fat content considering the current Brazilian legislation (Brasil,
1998) (Tables 6 and 7). On the other hand, only modiﬁed mousse
MFeWPCwas not reduced in more than 30% fat (Table 6) and could
not be allowed to receive the “reduced-fat” claim according to the
E.U. regulatory standards and that under planning to be adopted in
Brazil (Table 7). For the “reduced-fat” claim, the current Brazilian
legislation seems to be more restrictive than the new proposal for
this kind of product. Moreover, all modiﬁed mousses were reduced
in more than 25% fat (Table 6) and could receive the “reduced-fat”
claim according to the U.S. legislation (US CFR, 2010f) that showed
to be less restrictive, as well as for the “light” claim for energy
(Table 7).
Mousses I, WPC, IeWPC and MFeIeWPC could hold the “low
saturated fat” claim in E.U. and currently in Brazil (Table 7), once
they presented less than 1.5 g of SFA/100 g (Table 4), which, sum-
med to the energy from trans-FA, in case of E.U., contributed for less
than 10% of the total energy value (Table 5) (Brasil, 1998; EC, 2007).
In Brazil, the reviewed standards for the “low saturated fat” claim
are planned to consider less than 1.5 g of sum SFA and trans-FA per
serving portion and the conditions that “low saturated fat” prod-
ucts ﬁll the conditions required for a “zero” trans-FA product
(ANVISA, 2011), as commented next, and the maximum energy
provided by saturated fat must be 10% of total energy of food. In this
case, mousses I, WPC, IeWPC, and MFeIeWPC could still receive
the “low saturated fat” claim (Table 7). The U.S. legislation showed
to be more restrictive for the “low saturated fat” claim, once the
content SFAmust be less than 1 g per RACC and nomore than 15% of
energy derived from this nutrient (US CFR, 2010f), which could be
found only in mousses I and IeWPC, respectively, 0.791 g and
0.828 g SFA per 120 g (data not shown).
In Brazil, at present, both MFeI and MFeWPC could not receive
the comparative “reduced saturated fat” claim (Table 7), once
Table 7
Summary of allowed and non-allowed nutrient claims for the mousses studied (see Table 1 for description of mousse trials).
Item
Energy Total fat Total saturated fat Trans fat Protein Dietary ﬁbre






ANVISA (2003a, 2003b, 2005)
Non-allowed for all trials Allowed for I,c WPC,d MFeeI,
IeWPC and MFeIeWPC














ANVISA (2011),b Non-allowed for all trials Allowed for I, WPC, IeWPC
and MFeIeWPC













EC (2007) Non-allowed for all trials Allowed for I, WPC, MFeI,
IeWPC and MFeIeWPC
Allowed for I, WPC, IeWPC
and MFeIeWPC








US CFR (2010a, 2010b, 2010c,
2010d, 2010e, 2010f)
Non-allowed for all trials Allowed for I, WPC, IeWPC
and MFeIeWPC
Allowed for I and IeWPC Allowed for
all trials











ANVISA (2003a, 2003b, 2005)
Non-allowed for all
modiﬁed trials
Allowed for I, WPC, IeWPC
and MFeIeWPC
Allowed for I, WPC, IeWPC
and MFeIeWPC




ANVISA (2011) Non-allowed for all
modiﬁed trials
Allowed for I, WPC, MFeI,
IeWPC and MFeIeWPC
Allowed for I, WPC, IeWPC
and MFeIeWPC





EC (2007) Non-allowed for all
modiﬁed trials
Allowed for I, WPC, MFeI,
IeWPC and MFeIeWPC
Allowed for I, WPC, MFeI,
IeWPC and MFeIeWPC





US CFR (2010a, 2010b, 2010c,
2010d, 2010e, 2010f)
Allowed for I, WPC,
IeWPC and MFeIeWPC
Allowed for all modiﬁed
trials
Allowed for I, WPC, MFeI,
IeWPC and MFeIeWPC




a Brazilian present legislation for the most of the nutrition claims made on foods.
b Project of resolution under public consultation in order to be adopted in Brazil.
c I ¼ inulin.
d WPC ¼ whey protein concentrate.
e MF ¼ milk fat.
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than 1.5 g/100 g in this nutrient compared to the control MF are
required (Brasil, 1998). Standards for “reduced saturated fat”
products are planned to be at least 30% SFA of the control product in
Brazil, besides the conditions that the decreased saturated fat
content must not result in an increased trans-FA, the reference
product is not able to ﬁll the requirements for a “low saturated fat”
product, and the energy given by SFA must not be above 10% of the
total energy of the product (ANVISA, 2011). According to these
requisites, mousses I, WPC, IeWPC, and MFeIeWPC could receive
the “low saturated fat” claim, oppositely to mousses MFeI and
MFeWPC (Table 7). For this kind of product, the U.S. and the E.U.
legislation showed to be less restrictive regarding the comparative
“reduced saturated fat” claim. This claim can be applied in the U.S.
for all modiﬁed mousses, with the exception of mousse MFeWPC,
once they all presented at least 25% less SFA than control mousse
MF (Tables 6 and 7) (US CFR, 2010f). Similarly, only mousse
MFeWPC, with less than 30% SFA than control MF, also did not ﬁll
the requisite to receive this claim in the E.U. (Tables 6 and 7) (EC,
2007).
In Brazil, the current nutritional information and claims for
speciﬁc nutrients such as trans-FA (ANVISA, 2003b) already
consider their amounts per serving portion, which is equivalent to
½ cup (120 g) for milk-derived desserts (ANVISA, 2003a). For all
mousses studied, trans-FA content is lower than 0.2 g per serving
portion of ½ cup (data not shown) and might be declared in Brazil
as “zero” (Table 7) (ANVISA, 2003b). The acceptable upper limit for
a “zero” trans-FA product is proposed to be more severe, reducing
to 0.1 g of this component per serving portion (ANVISA, 2011),
which implies that control mousse MF (0.109 g trans-FA/120 g)
could not be declared as “zero trans-FA” following this standard
(Table 7). In the U.S., on the other hand, the legislation is more
ﬂexible in this situation: products that contain less than 0.5 g of
trans-FA per serving portion, as in case of all mousses studied, are
considered as “zero” or the statement “not a signiﬁcant source of
trans fat” is placed at the bottom of the table of nutrient values (US
CFR, 2010a). Such speciﬁc claims for trans-FA in food products are
not contemplated by the E.U. legislation (EC, 2007).
Considering the absolute value of nutrients, “source” is a claim
used in Brazil for proteins when a 100 g of solid or semi-solid
product presents 10e19% of the daily reference value (DRV) for
this nutrient (Brasil, 1998). According to the U.S. legislation, the
claim “good source” might be used for protein if this nutrient
contributes with 10e19% of the DRV per RACC (US CFR, 2010c). The
claim “high” for the protein content is allowed for products pre-
senting 20% or higher of DRV for this nutrient per 100 g or serving
portion in Brazil and in the U.S., respectively (Brasil, 1998; US CFR,
2010c). For the purpose of labelling in Brazil and the U.S., a value of
50 g of protein shall be the DRVs for adults (ANVISA, 2005; US CFR,
2010a) and, only in the U.S, also for 4 years-old children or older (US
CFR, 2010a). In the E.U., the claim “source” for protein may only be
used if the food protein content of a product provides at least 12% of
its total energy and a “high” product must provide at least 20% of its
total energy from its protein content (EC, 2007).
According to current Brazilian legislation (ANVISA, 2005; Brasil,
1998), mousses containing whey protein concentrate (WPC,
MFeWPC, IeWPC, and MFeIeWPC) might receive the claim
“source” in terms of the total value of protein in 100 g of food
product (Tables 3 and 7). When the U.S. legislation (US CFR, 2010a,
2010c) is taken into consideration, 10e19% of DRV for protein
(5e9.5 g) and a serving portion of 120 g, all mousses might receive
the “good source” claim for proteinse from aminimum of 5.28 g up
to a maximum of 9.57 g of protein for mousses MFeI and WPC per
RACC, respectively (data not shown). Nonetheless, none of the
products could be claimed as “high” for the protein contentaccording to the Brazilian and the U.S. standards. All formulations
might receive the “source” claim for protein and mousses WPC and
IeWPC might also be termed “high” for this nutrient considering
the energy percentage provided by protein required by the E.U.
standards (Table 7). In this case, the energy (kcal) provided by
proteins ranged from 12.75% and 13.26% for mousses MF and MFeI,
respectively, up to 20.27% and 24.43% formousses IeWPC andWPC,
respectively (data not shown).
“Increased” is a comparative claim that might be used in Brazil
for proteins when there is both a 25% increase and a difference
above 10% of DRV (correspondent to at least 5.0 g protein/100 g)
between themodiﬁed solid or semi-solid product and the reference
one (ANVISA, 2005; Brasil, 1998). A product might be considered
“increased” in protein content in the E.U. if it meets the conditions
for the claim “source” and the increase in protein is at least 30%
compared to the reference product (EC, 2007). The claim “enriched”
might be used for protein in the U.S. if this nutrient contributes
with 10% or more of the DRV per RACC than the reference product
(US CFR, 2010a, 2010c). Following the Brazilian and U.S. require-
ments, the “increased” or “enriched” claims in terms of protein
could not be applied for modiﬁed mousses of the present study in
comparison with control MF (Tables 6 and 7). Taking into account
the E.U. legislation, mousses WPC, MFeWPC, and IeWPC would be
allowed to receive the comparative “increased” claim for the
protein content (Tables 5e7). Among the standards for absolute
nutrient content and comparative claims for protein, therefore,
those adopted in the E.U. were the less restrictive for the mousse
formulations evaluated.
The Brazilian standards for absolute and comparative claims for
the protein content are proposed to change in the following
aspects: for the conditions of “source” and “high”, food products
must contain at least 6 g and 12 g of this nutrient per serving
portion, respectively, and their amount of indispensable amino
acids must fulﬁl the requirements established by the FAO/WHO/
UNU (2007) for adults in terms of mg amino acid per g protein;
for the condition of “increased”, the reference product must fulﬁl
the updated conditions for the claim “source”, the modiﬁed food
products must present an increase of at least 30% in the protein
content per serving portion, and the amount of indispensable
amino acids provided by their added protein must fulﬁl the
requirements established by the FAO/WHO/UNU (2007) for adults
in terms of mg amino acid/g protein (ANVISA, 2011). According to
these conditions and the amino acid composition of the cow’s milk
protein reported by FAO/WHO (1991), mousses WPC, MFeWPC,
IeWPC, and MFeIeWPC could receive the claim “source” and
none of the products could be allowed to receive the claims “high”
and “increased” (Table 7). In this case, the proposed changes for the
Brazilian legislation did not affect the classiﬁcation of the products
studied, either for absolute or for comparative nutrient claims.
Regarding dietary ﬁbre, the current Brazilian legislation states
that the claims “source” and “high” might be used if the solid or
semi-solid product presents a minimum of 3 g and 6 g per 100g of
this nutrient, respectively (Brasil, 1998). The E.U. also adopts these
classiﬁcations for dietary ﬁbre content (EC, 2007). In the U.S., the
claims “good source” and “high” for dietary ﬁbre content follows
the same requisites described later for the protein content (US CFR,
2010c). The same occurs with the comparative claims “increased”
and “enriched” in the E.U. and the U.S., respectively, for dietary ﬁbre
content that follow the same requisites for the protein content (EC,
2007; US CFR, 2010c). For the purpose of labelling in the U.S.,
a value of 25 g of TDF shall be the DRVs for adults and 4 years-old
children or older (US CFR, 2010c). The “Increased” claim is currently
used in Brazil for dietary ﬁbre when there is an increase of 25% and
a difference of 3 g of dietary ﬁbre/100 g between the modiﬁed solid
or semi-solid product and the original one (Brasil, 1998). Regarding
T.R. Komatsu et al. / LWT - Food Science and Technology 50 (2013) 755e765764the changes proposed in the Brazilian legislation, they include
values of at least 2.5 g and 5 g dietary ﬁbre per serving portion for
the claims “source” and “high”, respectively, and a minimum
increase of 30% in the dietary ﬁbre content for the comparative
claim “increased”, since the reference product fulﬁls the requisites
for receiving the claim “source” (ANVISA, 2011).
All mousses might receive the “source” or “good source” claims
for dietary ﬁbre according to the E.U., the U.S., and the current
Brazilian legislations and the standards proposed to be imple-
mented in Brazil (Tables 3 and 7). Only mousses with the addition
of inulin (I, MFeI, IeWPC, and MFeIeWPC) fulﬁlled the requisites
for a “high” claim for dietary ﬁbre when confronted with all regu-
latory standards consulted. Mousses MF, WPC, and MFeWPC were
unable to achieve the conditions for receiving the “high” claim for
this nutrient according to the E.U. legislation and the current Bra-
zilian standards. Considering the serving portion of ½ cup (120 g)
and the DRV of 25 g for dietary ﬁbre, TDF of formulations ranged
from 7.06 g for mousse MFeWPC to 11.81 g for mousse I (data not
shown), achieving more than 20% of the DRV for this nutrient.
Therefore, this serving portion allowed that mousses not contain-
ing inulin might receive the “high” claim according to the U.S.
standards and those proposed to be updated in Brazil, which
showed to be less restrictive, in this case, for products with
“borderline TDF amounts”. Regarding the comparative claims
“increased” or “enriched”, only mousse I ﬁlled all requisites to
receive the “increased” claim for dietary ﬁbre content in compar-
ison to control MF according to the Brazilian and the U.S. legisla-
tions (Tables 3, 6 and 7). However, according to the E.U. legislation
and the standards proposed to be adopted in Brazil, mousses I,
MFeI, and IeWPC, might receive the “enriched” claim (Tables 3, 6
and 7), indicating that these requirements for the comparative
claim for dietary ﬁbre tend to be more ﬂexible or less restrictive for
the products studied than those currently adopted in Brazil and
from the U.S.
According to the results of this study, depending on the legis-
lation applied, there aremore difﬁculties in attending the requisites
for assigning a nutrient claim (for e.g., the comparative claims for
energy and protein, and for the new Brazilian proposal for the
standard related to the absolute content of trans-FA). It will not be
at all surprising if the food industry forces a claim for energy and fat
composition through the reduction of the serving portion sizes,
leading to amisinformation to the consumers. This kind of situation
should be more carefully inspected by the regulatory agencies.
Since the fat substitution may affect the sensory characteristics
of food products, all the formulations of mousses were previously
evaluated by this research group regarding instrumental texture
and acceptability by consumers: the products containing fat
substitutes were comparable to the control product (MF), except for
mousse IeWPC, which exhibited increased ﬁrmness and low
cohesiveness over 28 and 112 days of refrigerated and frozen
storage, respectively (Buriti et al., 2010a).
Making better choices concerning food acquisition, based on
individual knowledge about food and healthiness, continues to be
a challenge, due to the great diversity of food products available
nowadays. It is essential to emphasize the importance of updating
speciﬁc food legislation, once this is a highly changeable industry
and consumers are increasingly demanding for newness. Also,
a more uniform legislation would certainly contribute for
globalization.
4. Conclusions
In the present study, the improvement of the guava mousses’
nutritional values was possible, particularly regarding the fat
content, once the vast majority of modiﬁed mousses hada considerable reduction in this nutrient content through the
substitution of fat milk for inulin and/or whey protein concentrate.
Also, the addition of inulin and FOS in these mousses was decisive
for the contribution regarding dietary ﬁbre. Based on the results of
this and the previous studies of this research group with guava
mousses, MFeIeWPC was the formulation that ﬁt the most of
desirable features: improvement of energy, total and saturated fat,
protein and dietary ﬁbre content, good viability of L. acidophilus
during storage conditions (refrigeration and freezing) and survival
of this microorganism in the simulated gastrointestinal ﬂuids,
besides presenting texture and sensorial acceptability comparable
to control mousse MF.Acknowledgements
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